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ABSTRACT -The influence of grain boundary sliding on the mechanical behaviour of materials subject to creep at elevated temperatures has been investigated by a number of model analyses. Some models have focussed on the interaction of linearly viscous behaviour in the grain boundaries and power-law creep of the grains. It is found that there is a transition range such that at higher stresses sliding has little influence, while at lower stresses sliding accelerates creep. Other investigations have focussed on the effect of sliding on intergranular creep fracture. Freely sliding grain boundaries give much reduced rupture times, and the behaviour is rather strongly affected by whether the cavitating grain boundary facets are closely-spaced or well-separated.
Revue Phys. Appl. 23 (1988) The mechanics of grain boundary sliding is often represented by a linearly viscous relationship between the rate of slidina and the resolved shear stress on the plane of the boundary. Ashby [1] has treated the atomistic aspects of grain boundary sliding and has derived expressions for the boundary viscosity. These derivations show that the value of the viscosity is strongly dependent on whether the angle of tilt between the crystal lattices is large or small, and on whether the tilt is symmetric. Furthermore, Raj and Ashby [2] have shown that the viscosity is strongly increased by larger irregularities, such as particles, in the grain boundary.
In a polycrystal grain boundary sliding can only take place, if a mechanism of grain deformation is available to accommodate sliding. Therefore The effect of grain boundary sliding in a powerlaw creeping polycrystal has been analysed by Crossman and Ashby [3] . They considered a plane array of hexagonal grains (see Fig. 1 Fig. 4 , and large strains are accounted for in the analysis. The details of the field equations and the boundary conditions are specified in [10] and shall not be repeated hère.
The grain boundary cavities, with average spacing 2b and radius a , grow by diffusion as well as by dislocation creep of the surrounding material. The diffusion along the void surface is assumed to be sufficiently rapid, relative to the diffusion along the grain boundary, to maintain the quasiequilibrium spherical-caps void shape (see Fig. 5 [21] , and the Low triaxiality approximation was introduced in [22] .
Needleman and Rice [19] [21] , and for lower triaxialities [19, 22] . From (4.5) the rate of growth of the cavity radius is found as a = V/(403C0a2h(03C8)).
The average separation between the two grains adjacent to the cavitating facet is 6 = V/iTb 2 where V is the cavity volume and 2b is the average spacing. Thus the rate of growth of this séparation, 6 , to be used as boundary condition in the model problem (Fig. 3a) Fig. 3a ). The creep exponent is taken to be n = 5 , Poisson's ratio is v = 1/3 and the angle defining the spherical-caps shape of the cavities (Fig. 5) .4)).
Fig. 6 . Development of cavities and stresses at a grain boundary facet for a,/LI = 0.025 (from [10] ). Fig. 6a shows that the rate of growth of the cavities near the edge of the facet is nearly identical to that near the centre, in contrast to the result found in the absence of grain boundary sliding, where the cavity growth is slower near the edge [22] . This uniform opening of the facet is also seen in the deformed meshes shown in Fig. 7 . Furthermore, the cavity growth found in Fig. 6a is about six times as fast as that found without sliding [22] , so sliding has a very significant effect on the time to failure by cavity coalescence. The constitutive model referred to in the figures will be discussed subsequently, in Section 5. Fig. 6b [24] , is usually described as creep constrained (from [10] ).
cavitation. A characteristic feature associated with creep constrained cavitation is that failure occurs at relatively small strains.
Figs. 8 and 9 show the results of a computation, where the only difference from that illustrated above is a smaller value of the grain boundary diffusion parameter specified by a,/LI = 0.33 . (from [10] ).
Here, the normal stress is not relaxed before final failure occurs, and thus the cavity growth is not creep constrained. Fig. 8a shows that in this case grain boundary sliding results in much faster growth near the edge of the facet than in the central part of the facet. This behaviour is also clearly visible in the deformed meshes in Fig. 9 , which show the formation of wedge-cracks by early cavity coalescence at triple point junctions. It is also noted that the strains are much larger here than those found in the previous case, e.g. the logarithmic strain 03B51 = 0.115 at t/tR = 152 .
The initial failure at the triple point in Fig. 8 occurs at about 1/4 of the time to failure in the absence of grain boundary sliding.
Several other cases have been analysed in [10] , and in general these results confirm the types of response shown in Figs. 6 -9 . This is also true when continuous nucleation of cavities takes place during the lifetime, as modelled by (4.7) [11] by application of a stress-based variational principle. A significant difference from the type of situation illustrated in Fig. 3b is that Anderson and Rice [11] (from [12] ).
For one of the cases analysed Fig. 10 shows the development of the macroscopic logarithmic strains el and e2 in the axial and radial directions, respectively, when o2/61 = 0.5 , and Fig. 11 shows [12] [10, 12] or Wigner Seitz cells [11] , is that these models require an accommodating deformation mechanism rather similar to that needed in an actual threedimensional array of grains.
APPROXIMATE CONSTITUTIVE EQUATIONS
The constitutive equations proposed by Tvergaard [17] for a material subject to creep and grain boundary cavitation are an extension of work by Rice [16] and Hutchinson [18] . These Fig. 3a considered in [10] . The modification of the expression (5.4) for the rate of opening of a facet should also be incorporated in the expression for the macroscopic creep strain rates used by Tvergaard [17] . Since this expression is based on the results of Hutchinson [18] and He and Hutchinson [25] , the modified expression is where p* is given by (5.3b In equal biaxial tension, °1 = G2 , the results found for grain boundary sliding in Fig. 12 [27] seem to agree better with the shape of the rupture curve shown in Fig. 12a than with 
